The pathogenesis of lower urinary tract symptoms (LUTS) is uncertain. We investigated the potential role of inflammation in the development of LUTS, with the use of high-sensitivity C-reactive protein (hsCRP) as an inflammatory marker, in a population-based study of aging men in Korea. Materials and Methods: Our study used a multistage stratified design to recruit a random sample of 1,510 men aged 45 years or older in Chuncheon, Korea, in 2003. Men with urologic or neurologic diseases that could cause voiding dysfunction were excluded. Also, men with medical conditions that could affect inflammation, such as infection or the use of nonsteroidal anti-inflammatory drugs, were excluded. LUTS were defined according to the International Prostate Symptom Score (IPSS). Various potential confounding factors were included in the analyses. Results: A total of 330 subjects were included in the final analyses. There were 155 (47.0%) with an IPSS＜8 and 175 (53%) with an IPSS≥8. The mean age of all subjects was 69.2±8.4 years. The mean hsCRP level of all subjects was 2.30±3.27 (median, 1.19) mg/l. The hsCRP levels in subjects with an IPSS≥8 differed significantly from those in subjects with an IPSS＜8. Also, IPSS, storage symptom, voiding symptom, and quality of life (QoL) scores increased as hsCRP levels increased, respectively. The hsCRP level remained an independent risk factor of LUTS (IPSS≥8, storage symptom score≥ 4, incomplete voiding, intermittency, and QoL) after adjustment for variable possible confounding factors. Conclusions: Our results suggest that inflammatory processes may play an important role in the pathogenesis of LUTS and that hsCRP levels may indicate the severity of LUTS in aging men.
INTRODUCTION
Lower urinary tract symptoms (LUTS), which are divided into storage, voiding, and postvoiding symptoms, can be caused by various pathologic conditions. The etiologies of LUTS are multiple, and the role of inflammation in the development of LUTS has been less well studied [1] .
Many studies suggest that prostatic inflammation may play an important role in histologic benign prostatic hyperplasia (BPH) [1] [2] [3] [4] . Nevertheless, because LUTS are not significantly associated with BPH [5] [6] [7] [8] and may develop in the absence of histologic BPH, prostatic inflammation may not directly affect the development of LUTS. However, there still remains a possibility that inflammation in other urinary organs, such as the bladder, affects the development of LUTS.
C-reactive protein (CRP) is one of the most extensively studied nonspecific markers of systemic inflammation and is a well-established risk factor in coronary events [9] . CRP is regarded as a reliable tool for study on inflammation, although the distribution of CRP levels varies among different races [10] . Recently, high-sensitivity CRP (hsCRP) was introduced, and has more accurate value than conventional CRP in the general population [11] .
To the best of our knowledge, there are only four epidemiologic studies of inflammation and LUTS with the use of CRP as an inflammatory marker [12] [13] [14] [15] . Furthermore, most of those studies were conducted in the West. Hence, we investigated the potential role of inflammation in the development of LUTS, by use of hsCRP, in a population-based, cross-sectional study of aging men in Korea.
MATERIALS AND METHODS

Study population
In the Hallym Aging Study on the quality of life (QoL) in elderly Korean people, a cohort was composed of 2,519 people aged 45 years or older who were randomly selected in Seoul and Chuncheon, large cities of Korea. Of these, the Chuncheon-based cohort was considered in the current study. The selection of the study populations can be summarized as follows [16] :
Of the 1,408 study sectors, which were classified on the basis of the 2,000 population census, 200 were randomly selected. In accordance with the proportion of the population aged 45 years or older from the individual Korean neighborhood classifications, the number needed for the study population was determined. On the basis of a list of study populations that were selected for the current study, study participants were systematically sampled. At this time, the number of study populations was determined in such a manner that 30% of the study population should be aged between 45 and 64 years and 70% should be aged 65 years or older with consideration of the effects of a long-term follow-up study as well as the calculation of stable epidemiological parameters. Of these, 1,510 people who responded to the primary panel survey underwent a second in-depth study. The survey was completed within a relatively short period, so as to minimize variations in collected data. All participants provided written informed consent and the study received institutional review board approval.
Of these people, subjects with urologic or neurologic diseases that could cause voiding dysfunction, except for BPH, were excluded. Those with medical conditions that could affect inflammation, such as infection or the use of nonsteroidal anti-inflammatory drugs, were also excluded. A total of 330 male subjects aged 45 years and older were finally enrolled in the current study.
Assessment of LUTS
LUTS were measured by use of the International Prostate Symptom Score (IPSS), a clinically validated 7-item questionnaire. QoL was also measured.
The prior 7 items had an ordered answer (from 0 to 5).
The IPSS was used as both a continuous and a categorical variable in 2 groups with no or mild symptoms (IPSS＜8) vs. moderate or severe symptoms (IPSS≥8). Using a similar approach, the storage symptom and voiding symptom scores were used both as continuous and categorical variables. The storage and voiding symptom scores were categorized into 2 groups as no or mild symptoms (＜4 and ＜5, respectively) vs. moderate or severe symptoms (≥4 and ≥5, respectively). The individual symptom scores were categorized as no or mild symptoms (＜3) vs. moderate or severe symptoms (≥3). The QoL score concerning the satisfaction of the respondent and had an ordered answer (from 0 to 6) and was categorized as ＜4 vs. ≥4.
Exposure assessment
We analyzed age, body mass index (BMI), hypertension, diabetes mellitus, dyslipidemia, depression, smoking, alcohol drinking, exercise, and hsCRP as variables. All data were obtained by trained interviewers or physicians. Anthropometric measurements and laboratory tests were performed by trained physicians by use of a standardized protocol in our institution.
Serum CRP was measured with the hsCRP, fully automated particle-enhanced nephelometric immunoassay (Hitachi 7600 analyzer; Hitachi Ltd, Tokyo, Japan). The lower limit of detection was 0.01 mg/l and the interassay coefficient of variation was below 5%.
Statistical analysis
To compare the distributions of variables between no or mild symptoms and moderate or severe symptoms, Student's t-test and chi-square test were used in the comparison of continuous and categorical variables, respectively. Simple regression analysis was used to assess the linear association between hsCRP and LUTS. Then, hsCRP levels were categorized as 4 groups according to quartiles. Logistic regression models were used to assess the association between hsCRP and LUTS and to adjust for potential confounding factors. IBM SPSS ver. 18.0 (IBM Co., New York, NY, USA) was used for all statistical assessment. All p-values were two-sided, and a p＜0.05 was considered significant.
RESULTS
Of the 330 subjects, there were 155 (47.0%) with no or mild symptoms and 175 (53%) with moderate or severe symptoms. The mean age of all subjects was 69.2±8.4 years. The mean serum CRP level of all subjects was 2.30±3.27 mg/l (median, 1.19 mg/l). When hsCRP levels were categorized according to quartiles, the first, second, third, and fourth hsCRP quartiles were ≤0.68 mg/l (Q1), 0.68＜hsCRP≤ 1.19 mg/l (Q2), 1.19＜hsCRP≤2 .26 mg/l (Q3), and ＞2.26 mg/l (Q4).
The characteristics of the subjects are shown in Table 1 . Subjects with moderate or severe symptoms differed sig- In linear association model analyses between hsCRP level and LUTS, IPSS increased as hsCRP levels increased (p=0.001) (Fig. 1A) . Storage and voiding symptom scores and QoL scores also increased as hsCRP levels increased, respectively (p=0.003, 0.003, and ＜0.001) (Fig. 1B-D) .
We performed multivariate logistic regression analyses that were adjusted for age, BMI, hypertension, diabetes mellitus, dyslipidemia, depression, smoking, alcohol drinking, and regular exercise. When subjects were stratified according to IPSS≥8 and ＜8, quartiles of hsCRP level were an independent risk factor (p=0.020) ( Table 2 ). The subjects in Q4 had an OR of 2.856 (p=0.003) ( Table 2 ) compared with those in Q1. Also, when the subjects were stratified according to storage symptom score of ≥4 and ＜4, those in Q4 had an OR of 3.344 (p=0.001) ( Table 2 ) compared with those in Q1. However, when the subjects were stratified according to voiding symptom score of ≥5 and ＜5, the hsCRP level did not remain an independent risk factor after multivariate adjustment (p=0.084) ( Table 2 ).
In the multivariate logistic analyses of the individual symptoms, hsCRP level was an independent risk factor of incomplete voiding (p=0.006), intermittency (p=0.043), and QoL (p=0.001) ( 
DISCUSSION
Many studies have suggested that prostatic inflammation may have a prominent role in BPH, although the pathogenesis of BPH is still uncertain [1] [2] [3] [4] . Regardless of its cause, the end effect of inflammation is an atypical cytokine-rich milieu that can lead to alterations in the microenvironment and chronic, repetitive wound healing ending in the development of BPH nodules [17] . Because most men with BPH have LUTS, LUTS and BPH remain intertwined in the treatment and study of urinary disorders in aging men [18] . Nevertheless, because LUTS are not significantly associated with BPH [5] [6] [7] [8] , inflammation may not directly affect the development of LUTS. However, there remains a possibility that inflammation affects the development of LUTS. It is possible that inflammation in the bladder might relate to an effect on bladder function, which might result from reduced bladder function, rather than increased outlet resistance [19] . This hypothesis is supported by investigations including women that had suggested a potential role of inflammation in OAB [20] [21] [22] . Another possibility is that the inflammation might affect IPSS, International Prostate Symptom Score; hsCRP, high sensitivity c-reactive protein; OR, odds ratio; CI, confidence interval; QoL, quality of life; Q1, first hsCRP quartile (hsCRP≤0.68 mg/l); Q2, second hsCRP quartile (0.68＜hsCRP≤1.19 mg/l); Q3, third hsCRP quartile (1.19＜hsCRP≤2 .26 mg/l); Q4, fourth hsCRP quartile (hsCRP＞2.26 mg/l). a : Adjusted for age, body mass index, hypertension, diabetes mellitus, dyslipidemia, depression, smoking, alcohol drinking, and regular exercise.
the neuronal pathways involved in the innervation of the urinary tract, which could account for the increased storage voiding symptoms [23] . Our study showed that hsCRP level, a nonspecific inflammatory marker, was significantly associated with LUTS. The hsCRP levels in subjects with moderate or severe symptoms differed significantly from those in subjects with no or mild symptoms. IPSS, storage symptoms, voiding symptoms, and QoL scores also increased as hsCRP levels increased, respectively. The hsCRP level remained an independent risk factor of LUTS after adjustment for various confounding factors.
To the best of our knowledge, there are only four epidemiologic studies of inflammation and LUTS that used CRP [12] [13] [14] [15] . Rohrmann et al. [12] first investigated the association between CRP and LUTS by using data from the third National Health and Nutrition Examination Survey (NHANES III). They did not find a significant association between CRP and LUTS. However, the NHANES III study had several weak points. Because LUTS were defined as only 4 urinary symptoms (incomplete voiding, weak stream, hesitancy, and nocturia), the analyses did not reflect LUTS exactly. Conventional CRP was also used instead of hsCRP in the analyses. Although conventional CRP levels have very high values associated with acute inflammation, chronic inflammation can result in near normal values and can produce clinically meaningless results. On the other hand, the clinical utility of the hsCRP level is significantly higher than that of conventional CRP in the general population, because the hsCRP test can measure lower and more exact values compared with the conventional CRP test [9] . In practice, numerous studies have con-sistently shown that hsCRP levels, not conventional CRP levels, provide a strong and independent indication of risk for cardiovascular diseases [11] . In this point of view, we used the complete IPSS including the satisfaction score and the hsCRP test measured to two decimal places.
Two reports were recently published in which CRP levels were significantly associated with LUTS in the United States [13, 14] . One report from the Boston Area Community Health survey showed that CRP levels were associated with LUTS in men and suggested that the dose-response relationship between increased CRP levels and an increased odds of LUTS supported the hypothesized role of inflammatory processes in the etiology of LUTS [13] . The other report from the Olmsted County study showed that CRP levels were not associated with change in prostate volume but were associated with rapid increases in irritative LUTS, suggesting that inflammatory processes may play a role in the development of these outcomes [14] . The results from the above 2 studies were very similar to our results. Our study demonstrated that the IPSS, storage symptom scores, voiding symptom scores, and QoL scores increased as hsCRP levels increased, respectively. The hsCRP levels were also significantly associated with overall LUTS and storage symptoms after adjustment for various potential confounding factors. Note that those 2 studies were performed in the West. Several studies have suggested that significant race and gender differences exist in the population distribution of CRP levels [10, 24] . In this respect, our study showed that CRP levels were significantly associated with LUTS, which suggests that inflammatory processes may play a role in the pathogenesis of LUTS in Korea as well as in westerners. Accordingly, our study is worthy of notice because it is the first such investigation in Korea.
More recently, Lu et al. [15] published a study to investigate the correlation between hsCRP levels and LUTS by using data from the Fangchenggang Area Male Health and Examination Survey (FAMHES) in China. They found that hsCRP levels were associated with overall LUTS, irritative symptoms, urgency, and nocturia, suggesting a positive correlation of hsCRP with LUTS. The results from the FAMHES study were also similar to those of our study. However, it should be noted that there was a distinct difference in age distribution between our study (mean, 69.2±8.4 years) and the FAMHES study (mean, 36.6±10.7 years), because age is one of the most well-known risk factors in the development of LUTS. Despite the difference in age distribution, hsCRP levels were still significantly associated with LUTS, which suggests that inflammatory processes may play a role in the pathogenesis of LUTS in aging men.
In our study, it was interesting that hsCRP levels were significantly associated with storage symptoms, not voiding symptoms, because LUTS in aging men are generally most likely related to BPH and present as voiding symptoms. Our results do not discount the possibility that prostatic inflammation is associated with histologic BPH. However, because LUTS are not significantly associated with BPH [5] [6] [7] [8] and may develop in the absence of histologic BPH, our results suggest that the inflammatory process in LUTS might be more related to an effect on bladder function than on the prostate.
From the viewpoint of individual LUTS, hsCRP levels were significantly associated with incomplete voiding, intermittency, and QoL in our study. We first demonstrated the significant association between hsCRP levels and QoL. Because LUTS represent a cluster of chronic urinary disorders without identification of organ-specific or disease-specific causes, it is important for the diagnosis and treatment of LUTS that the degree of subjective QoL be defined, as well as the severity of LUTS. It may be a clue to the availability of the hsCRP test in real practice.
The results for individual symptoms in previous studies including our study were slightly different. Although the exact reasons for these differences are unclear, several explanations are possible. First, previous studies including our study did not determine all possible risk factors for LUTS. Also, the distribution of hsCRP levels varies among different races [10, 24] . Also, because the categorical range of individual symptom scores (0 to 5) is relatively smaller than that of the overall IPSS (0 to 35), storage symptom score (0 to 15), and voiding symptom score (0 to 20), individual symptoms could be easily influenced by confounding factors.
There were a few limitations to our study. First, our study was limited geographically to the local area and had a relatively small population. However, our study had a systemically randomized multistage stratified design to reduce the bias. Second, our study did not determine all possible risk factors for LUTS. However, analyses from our study considered similar or more confounding factors than in previous studies. Finally, because our study was cross-sectional in design, we could not confirm whether inflammation was a risk factor for LUTS or not.
CONCLUSIONS
Our study demonstrated that hsCRP levels were significantly associated with overall LUTS, storage symptoms, incomplete voiding, intermittency, and QoL. Our results suggest that the inflammatory process may play an important role in the pathogenesis of LUTS and that hsCRP levels may indicate the severity of LUTS in aging men.
